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(57) ABSTRACT 

A millimeter wave amplifier constructed on a substrate and 
configured for use at a frequency of 75 GHz or higher, may 
include four amplifier stages. A first inter-stage filter, reso 
nant at an operating frequency of the amplifier, may couple 
the output of the first stage to the input of the second stage. A 
second inter-stage filter, resonant at the operating frequency, 
may couple the output of the second stage to the input of the 
third stage. A third inter-stage filter, resonant at the operating 
frequency, may couple the output of the third stage to the 
input of the fourth stage. A plurality of bias supply leads that 
couple a gate bias Voltage and a drain bias Voltage to each of 
the amplifier stages. A plurality of bias line filters, resonant at 
the operating frequency, may be connected from at least some 
of the bias Supply leads to a ground plane. 

20 Claims, 5 Drawing Sheets 
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1. 

MILLIMETER WAVE MONOLTHC 
INTEGRATED CIRCUITS 

RELATED APPLICATION INFORMATION 

This patent is a continuation-in-part of application Ser. No. 
12/266,229, entitled MILLIMETER WAVE MONOLITHIC 
INTEGRATED CIRCUITS AND METHODS FOR FORM 
ING SUCH INTEGRATED CIRCUITS, filed Nov. 6, 2008, 
the entire disclosure of which is incorporated herein by ref 
CCC. 

NOTICE OF COPYRIGHTS AND TRADE DRESS 

A portion of the disclosure of this patent document con 
tains material which is Subject to copyright protection. This 
patent document may show and/or describe matter which is or 
may become trade dress of the owner. The copyright and trade 
dress owner has no objection to the facsimile reproduction by 
anyone of the patent disclosure as it appears in the Patent and 
Trademark Office patent files or records, but otherwise 
reserves all copyright and trade dress rights whatsoever. 

BACKGROUND 

1. Field 
This disclosure relates generally to high frequency milli 

meter wave integrated circuit amplifiers, and more particu 
larly to a multiple stage amplifier tuned to a specific operating 
frequency and having a serpentine signal path. 

2. Description of the Related Art 
The design and manufacture of high frequency, millimeter 

wave integrated circuit devices presents many challenges not 
found in the construction of other types of integrated circuits. 
However, the design and manufacture of circuits for operation 
in the W-band and above, frequencies of approximately 75 
GHZ and above, present particular challenges, as circuits and 
structures suitable for use even at lower millimeter wave 
frequencies, for example as may be suitable for devices oper 
ating at 30 GHz, do not function similarly or adequately at 75 
GHz and above. 
The placement and configuration of signal and Voltage 

lines can present Substantial problems of resonance or “ring 
ing of the circuits. These problems are heightened when the 
integrated circuit is an amplifier, particularly one having mul 
tiple stages and offering relatively high gain and power. In a 
high gain multiple stage amplifier, even a slight amount of 
feedback may cause self-oscillation. Such feedback may 
occur due to coupling through power lines and/or coupling 
between signal lines. An amplifier designed to occupy a mini 
mal area on a Substrate, for example a minimally-sized semi 
conductor die, may be particularly prone to oscillation due to 
feedback. However, forming Such an amplifier on a mini 
mally-sized die is highly advantageous from a cost perspec 
tive, as smaller die will yield more die per semiconductor 
wafer, thus providing more devices for essentially no increase 
in the cost of wafer processing. Additionally and importantly, 
from an application perspective, the Smaller a die may be 
made, the less space it takes in a final system; and Such 
Smaller size is often a significant factor in the system design. 

Conventional, relatively high power, multi-stage, millime 
ter wave amplifier integrated circuits are designed with rela 
tively large spaces between signal lines and other components 
in order to avoid the above-described ringing and feedback. 
While these design rules are generally effective for such 
purposes, the resulting large spaces increase the total area 
occupied on a die by Such an amplifier. 
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2 
Additionally, with Such conventional design methodolo 

gies, a Substantial portion of the integrated circuit area may be 
devoted to distributing gate and drain bias Voltages to the 
amplifier stages. One conventional approach to power distri 
bution is to route one or more power buses along the periphery 
of the chip. A plurality of bypass capacitors may be provided 
form the power bus to ground to minimize noise on the power 
bus from the high-frequency signals being amplified. Indi 
vidual leads may then connect from the power bus to each 
amplifier stage. A second conventional method for bias Volt 
age distribution is to provide separate bias pads for each 
amplifier stage, which allows the use of external components 
to prevent noise or feedback from coupling between stages 
via the bias voltage distribution network. With either 
approach, the bias Voltage distribution network may occupy a 
Substantial area on the die. Accordingly, for Such high fre 
quency millimeter wave amplifiers, the conventional design 
criteria and methods tend to increase the size of the device 
where compactness would be an asset. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a block diagram of an exemplary multiple 
stage amplifier. 

FIG. 2 shows a schematic diagram of an exemplary mul 
tiple stage amplifier. 

FIG.3 depicts a physical layout of the exemplary amplifier 
of FIG. 2. 

FIG. 4 shows the physical layout of the amplifier of FIG.3 
with specific identification of the drain bias paths within the 
amplifier. 

FIG. 5 shows the physical layout of the amplifier of FIG.3 
with specific identification of the gate bias paths within the 
amplifier. 

DETAILED DESCRIPTION 

Description of Apparatus 
The following description is based on an exemplary four 

stage amplifier intended for operation at 95 GHz and config 
ured to occupy a small die size relative to conventional ampli 
fiers providing equivalent performance. The techniques and 
structure described herein may be scaled to amplifiers with 
more or fewer than four stages, and to frequencies less than or 
greater than 95 GHz. 

Referring now to the block diagram of FIG. 1, the exem 
plary four-stage amplifier 100 may have first through fourth 
amplifier stages 110, 120, 130, 140 and first through third 
inter-stage coupling networks 115, 125, 135 formed on a 
semiconductor chip 102. An RF input signal to be amplified is 
introduced onto the semiconductor chip 102 at an RF input 
terminal 105. The RF input signal is amplified by the first 
amplifier stage 110 and then coupled to the input of the 
second amplifier stage 120 through the first inter-stage cou 
pling network 115. The signal is then amplified by the second 
amplifier stage 120, coupled through the second inter-stage 
coupling network 125, amplifier by the third amplifier stage 
130, coupled through the third inter-stage coupling network 
135 and amplified by the fourth amplifier stage 140. The 
output from the fourth amplifier stage 140 exits the chip 102 
at an RF Outpad 145. The four amplifier stages 110, 120, 130, 
140 each receive a drain bias voltage Vd and a gate bias 
voltage Vg, which are introduced onto the die 102 at respec 
tive pads 160, 180. 
The general layout of the block diagram of FIG. 1 mimics 

an exemplary layout of the amplifier 100 on the die 102. To 
allow the amplifier to be constructed within a small chip area, 
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the direction of signal flow may follow a serpentine path on 
the chip. In this patent, a serpentine pathis defined as a signal 
path that changes from a first direction to another direction 
generally opposed to the first direction at least twice. As 
shown in FIG.1, the signal may flow from left to right through 
the first, third, and fourth amplifier stages 110, 130, 140, but 
may flow from right to left through the second amplifier stage. 
Terms referring to a specific direction (left, right, top, bottom, 
front, back, etc.) refer to the figures as shown and do not imply 
a specific physical orientation of the actual amplifier device. 

FIG. 2 shows a simplified schematic diagram of an exem 
plary four-stage amplifier 200 which may be the amplifier 
100. The schematic diagram of FIG. 2 does not show trans 
mission line structures required to match impedances 
between various components. Further, for ease of explana 
tion, some components implemented as transmission line 
structure as shown in the schematic diagram as discrete com 
ponents. 
The first amplifier stage 110 includes transistor Q1 and 

associated passive components. In this context, the term “pas 
sive components’ encompasses resistors, capacitors, induc 
tors, and transmission line structures. The second amplifier 
stage 120 includes transistors Q2 and Q3 and associated 
components. The third amplifier stage 130 includes transis 
tors Q4, Q5, Q6, and Q7 and associated components. The 
fourth amplifier stage includes eight transistors Q8-Q15 and 
associated components. 
The output signal from the first amplifier stage 110 may be 

coupled to the input of the second amplifier stage 120 through 
a first inter-stage coupling network 115 comprising a series 
combination of two capacitors C18, C19 and an inductor L8. 
Similarly, the output signal from the second amplifier stage 
120 may be coupled to the input of the third amplifier stage 
130 through a second inter-stage coupling network 125 (C6/ 
C7/L2) and the output signal from the third amplifier stage 
130 may be coupled to the input of the fourth amplifier stage 
140 through a third inter-stage coupling network 155 (C16/ 
C17/L7). 

Each of the inter-stage coupling networks 115, 125, 135 
may be resonant at a frequency of operation of the amplifier 
circuit 200, in which case each inter-stage coupling network 
115,125,135 may have near-zero impedance at the frequency 
of operation and may have a Substantially higher impedance 
at frequencies removed from the frequency of operation. Thus 
the overall gain of the amplifier 200 may be frequency depen 
dent, with maximum gain provided at the frequency of opera 
tion. 
A gate bias Voltage Vg may be input at a Vg pad 180 and 

routed to the gate electrodes of the transistors Q1-Q15 
through a plurality of gate bias Voltage Supply lines. A drain 
bias Voltage Vd may be inputata Vd pad 160 and routed to the 
drain electrodes of the transistors Q1-Q15 through a plurality 
of drain bias Voltage Supply lines. Each inter-stage coupling 
network 115,125,135 may function as an open circuit for DC 
Voltages to provide isolation between the drain bias Voltage 
Vd at the output of each amplifier stage and the gate bias 
Voltage Vg at the input of each Subsequent amplifier stage. 
The gate bias Voltage Supply lines and the drain bias Voltage 
Supply lines may be connected to a plurality of bypass capaci 
tors such as C12, C13, C24, and C25 effective to shunt high 
frequency currents flowing in bias Voltage Supply lines to 
ground. Additionally, gate bias Voltage Supply lines and the 
drain bias Voltage Supply lines may be connected to one or 
more resonant bias line filter circuits 161,163, 166, 169,181, 
184, 187 which will be discussed subsequently. Each of the 
resonant bias line filter circuits 161,163, 166, 169,181, 184, 
187 may be resonant at the frequency of operation of the 
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4 
amplifier 200. Thus each of the resonant bias line filter cir 
cuits 161, 163, 166, 169, 181, 184, 187 may have near-zero 
impedance at the frequency of operation of the amplifier 200 
and have a very high DC impedance. 

FIG. 3 shows an example layout for the four-stage ampli 
fier 200 whose schematic diagram was previously shown in 
FIG. 2. As noted earlier herein, the amplifier 200 is intended 
for use at a frequency of 95 GHz. The amplifier 200 may 
provide at least 15 db of gain, and an output power of a least 
1 Watt. To accommodate the amplifier 200, the integrated 
circuit chip 102 may have a surface area of no more than 5 
square mm. As shown in FIG. 3, the amplifier 200 may be 
constructed within an area of approximately 4 square mm 
(allowing for minor variations in size of less than 5%, Such as 
those resulting from the die singulation process or processing 
constraints). 

In FIG. 3, small squares, as seen at 106, represent via 
contacts to a ground plane which may be the Substrate of the 
chip 102 or which may be disposed on the rear surface of the 
chip 102. Structures with vertical or horizontal cross hatch 
ing, as seen at 107, represent multilayer capacitors. Structures 
with single diagonal cross hatching, as seen at 108, represent 
resistors. Not all of the resistors and capacitors shown in the 
schematic diagram of FIG. 2 are identified in FIG. 3. 
The amplifier 200 includes the first amplifier stage 110, the 

second amplifier stage 120, the third amplifier stage 130, and 
the fourth amplifier stage 140, each of which is shown in FIG. 
3 enclosed by a corresponding dashed outline. The first 
amplifier stage 110 includes transistor Q1, a gate/input pad 
111, and a drain/output pad 112. The gate/input pad 111 may 
be configured as an impedance transformer to match the 
impedance of the gate of transistor Q1 to the impedance of a 
source connected to the RF In pad 105. The drain/output pad 
112 may be configured as an impedance transformer to match 
the impedance of the drain of transistor Q1 to the impedance 
of a transmission line that connects the output of the first 
amplifier stage 110 to the input of the second amplifier stage 
120. 
The second amplifier stage 120 includes transistors Q2 and 

Q3, gate/input pad 121 and drain/output pad 122. The gate/ 
input pad 121 may be configured to function both as an 
impedance transformer and as a power divider. The drain/ 
output pad 121 may be configured to function both as an 
impedance transformer and as a power combiner. Similarly, 
the third amplifier stage 130 includes transistors Q4, Q5, Q6, 
and Q7, gate/input pad 131 and drain/output pad 132. The 
fourthamplifier stage includes transistors Q8-Q15, gate/input 
pad 141 and drain/output pad 142. 
The drain/output pad 112, which represents the output of 

the first amplifier stage, is coupled to the gate/input pad 121, 
which represents the input of the second amplifier stage, 
through a transmission line and an inter-stage coupling net 
work 115. The inter-stage coupling network 115 may act as an 
open circuit for DC voltages and thus provide isolation 
between the drain bias voltage applied to the drain/output pad 
112 and the gate bias Voltage applied to the gate/input pad 
121. Similarly, inter-stage coupling network 125 may couple 
the output from the second amplifier stage 120 to the input of 
the third amplifier stage 130 and inter-stage coupling network 
135 may couple the output from the third amplifier stage 130 
to the input of the fourth amplifier stage 140. 
The path of an RF signal through the amplifier 200 is 

indicated by a bold line 190 with periodic arrows indicating 
the signal propagation direction. The RF signal follows a 
serpentine path through the amplifier. The RF signal propa 
gation direction is generally from left to right in the first 
amplifier stage 110, third amplifier stage 130, and fourth 
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amplifier stage 140, but is generally from right to left in the 
second amplifier stage 130. Additionally, the first amplifier 
stage 110, the second amplifier stage 120, and the third ampli 
fier stage 130 may be substantially aligned vertically on a left 
portion of the chip 102 and the fourth amplifier stage may 
occupy a right portion of the chip 102. Substantial alignment 
between stages is considered to exist where at least one-half 
the width of a stage is within the width of another stage. The 
Vertical alignment of multiple amplifier stages in a limited 
chip area is accomplished through use of the above-described 
serpentine signal path. 
The dimensions and shapes of the gate/input pads 111,121, 

131, 141 and the drain/output pads 112, 122, 132, 142 are 
sized and configured to provide appropriate impedance 
matching for the transition between the transistors of one 
stage to the transistors of the following stage. Each of the 
transistors Q1-Q15 may be a HEMT, or a high electron mobil 
ity transistor. Each of the transistors Q1-Q15 may be another 
transistor structure Suitable for use at the frequency of opera 
tion of the amplifier 200. At least some of the gate/input pads 
111, 121, 131, 141 and the drain/output pads 112, 122, 132, 
142 been implemented with chamfered or rounded corners at 
the outer extent of such pads. The corners may be chamfered 
or rounded, as opposed to forming a right angle, to provide a 
Smoother transition for signals through the pad. In the 
example of FIG. 3, the dimension of each angled surface 
forming the chamfer is approximately 70 to 140 microns 
long, representing a reduction of the length of each side 
forming a corner of about 50 to 100 microns, relative to the 
length that would be present with a right angle between those 
sides. 

FIG. 4 shows the layout of the amplifier 200, as shown in 
FIG.3, but with the drain bias paths identified through double 
crosshatching. A drain bias voltage (Vd) pad 160 is connected 
through identified leads 162, 164, 165, 167, 168, 170 to the 
drain/output pads 112, 122, 132, 142 of each amplifier. For 
example, the drain bias Voltage is connected to the drain/ 
output pad 142 of the fourth amplifier stage through a lead 
162. A plurality of series resonant bias line filters 161, 163, 
166, 169 may be connected between the drain bias voltage 
leads and a ground plane on the chip 102. Each series resonant 
bias line filter 161, 163, 166, 169 may be implemented as a 
capacitor in series with an inductor, which may be the natu 
rally occurring inductance of a via to the ground plane, 
according to the particular process used for the amplifier 
manufacture. The series resonant bias line filters may specifi 
cally tuned to resonate, and thus act as a short to ground, at an 
operating frequency of the amplifier 200. 

Specifically, the lead 162 may be configured as a transmis 
sion line having an effective length, between the series reso 
nant bias line filter 161 and the drain/output pad 142, of 
one-quarter of a wavelength at the frequency of operation. 
Since a short circuit in a transmission line is reflected as an 
open circuit at distances along the transmission line equal to 
odd multiples of one-quarter wavelength, the series resonant 
bias line filter 161 appears as an open circuit to the output 
(drain/output pad 142) of the fourth amplifier stage. 

Similarly, the drain bias voltage is connected to the drain/ 
output pad 121 of the first amplifier stage through a lead 164. 
A series resonant bias line filter 163 may be connected 
between the lead 164, and the ground plane. The lead 164 may 
be configured as a transmission line having an effective 
length, from the series resonant bias line filter 163 to the 
drain/output pad 122, of one-quarter wavelength at the fre 
quency of operation of the amplifier 200. 
As previously described, the first amplifier stage, the sec 

ond amplifier stage and the third amplifier stage may be 
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6 
stacked vertically in a left portion of the chip 102. The drain 
bias Voltage for the second amplifier stage and the third 
amplifier stage may be provided from the previous amplifier 
stage, as opposed to being provided from a separate pad (424. 
426, 428,430) or from a power bus (412) as shown in FIG. 4. 
Specifically, the drain bias voltage may be carried from the 
drain/output pad 112 of the first amplifier stage to the drain/ 
output pad 122 of the second amplifier stage by leads 165 and 
167 which run between the first and second amplifier stages. 
To reduce the potential for feedback from the output of the 
second amplifier stage, a series resonant bias line filter 166 
may be connected between the junction of leads 165 and 167 
and the ground plane. The total length of the leads 165 and 
167 may be one-halfwavelength at the frequency of operation 
of the amplifier 200. Specifically, the lead 165 may be con 
figured as a transmission line having an effective length, from 
the drain/output pad 112 to the series resonant bias line filter 
166, of one-quarter wavelength at the frequency of operation 
of the amplifier 200. The lead 167 may also be configured as 
a transmission line having an effective length, from the series 
resonant bias line filter 166 to the drain/output pad 122, of 
one-quarter wavelength at the frequency of operation of the 
amplifier 200. The series resonant bias line filter 166 may 
connect to the ground plane through a via which is shared by 
the source of transistor Q2. 

Similarly, the drain bias voltage may be carried from the 
drain/output pad 122 of the second amplifier stage to the 
drain/output pad 132 of the third amplifier stage by leads 168 
and 170 which run between the second and third amplifier 
stages. To reduce the potential for feedback from the output of 
the third amplifier stage, a series resonant bias line filter 169 
may be connected between the junction of leads 168 and 170 
and the ground plane. The lead 168 may be configured as a 
transmission line having an effective length, from the drain/ 
output pad 122 to the series resonant bias line filter 169, of 
one-quarter wavelength at the frequency of operation of the 
amplifier 200. The lead 170 may also be configured as a 
transmission line having an effective length, from the series 
resonant bias line filter 169 to the drain/output pad 132, of 
one-quarter wavelength at the frequency of operation of the 
amplifier 200. The series resonant bias line filter 169 may 
connect to the ground plane through a via which is shared by 
the source of transistor Q4. 

FIG. 5 shows the layout of the amplifier 200, as shown in 
FIG. 3 and FIG. 4, but with the gate bias paths identified 
through double crosshatching. A gate bias Voltage (Vg) pad 
180 is connected through identified leads 182, 183,185, 186, 
188, 190 to the gate/input pads 111, 121, 131, 141 of each 
amplifier. For example, the gate bias Voltage is connected to 
the gate/input pad 141 of the fourth amplifier stage through a 
lead 182. A plurality of series resonant bias line filters 181, 
184, 187, may be connected between the gate bias voltage 
leads and a ground plane on the chip 102. Each series resonant 
bias line filter 181, 184, 187, may be or include a capacitor in 
series with an inductor, which may be the naturally occurring 
inductance of a via to the ground plane. The series resonant 
bias line filters may specifically tuned to resonate, and thus 
act as a short to ground, at an operating frequency of the 
amplifier 200. 
As previously described, some of the gate bias leads may 

be configured as transmission lines having effective lengths, 
between one of the gate/input pads and an associated series 
resonant bias line filter, of one-quarter of a wavelength at the 
frequency of operation. Specifically, the lead 182 may be 
configured as a transmission line having an effective length, 
between the series resonant bias line filter 181 and the gate/ 
input pad 141, of one-quarter of a wavelength at the frequency 
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of operation. The lead 185 may be configured as a transmis 
sion line having an effective length, from the series resonant 
bias line filter 184 to the gate/input pad 131, of one-quarter 
wavelength at the frequency of operation of the amplifier 200. 
As previously described, the first amplifier stage, the sec 

ond amplifier stage and the third amplifier stage may be 
stacked vertically in a left portion of the chip 102. In this 
configuration, the gate bias Voltage for the second amplifier 
stage may be conveniently provided from the fourthamplifier 
stage. Specifically, the gate bias Voltage may be carried from 
the gate/input pad 141 of the fourth amplifier stage to the 
gate/input pad 121 of the second amplifier stage by leads 186 
and 188 which run between the fourth and second amplifier 
stages. To reduce the potential for feedback from the input of 
the fourth amplifier stage to the input of the second amplifier 
stage, the series resonant bias line filter 187 may be connected 
between the junction of leads 186 and 188 and the ground 
plane. The lead 186 may be configured as a transmission line 
having an effective length, from the gate/input pad 141 to the 
series resonant bias line filter 187, of one-quarter wavelength 
at the frequency of operation of the amplifier 200. The lead 
188 may also be configured as a transmission line having an 
effective length, from the series resonant bias line filter 187 to 
the gate/input pad 121, of one-quarter wavelength at the fre 
quency of operation of the amplifier 200. The series resonant 
bias line filter 187 may include a capacitor in series with an 
inductor and additional components as necessary to prevent 
feedback from the fourth amplifier stage to the second ampli 
fier stage. 

In accordance with conventional design practices, the 
direct interconnection of an amplifier stage drain/output pad 
or gate/input pad to the drain/output pad or gate/input pad of 
a Subsequent stage would lead to an expectation of increased 
crosstalk and/or coupling between stages, with the antici 
pated result of oscillations or other instabilities within ampli 
fier 200. These anticipated instabilities are addressed in the 
amplifier 200 through the use of the resonant inter-stage 
coupling networks 115, 125, 135 which are tuned to the 
operating frequency of the amplifier 200 and the use of the 
resonant bias line filters 161, 163, 166, 169, 181, 184, 187 
which are tuned to the same frequency. In order for an ampli 
fier to oscillate, there must be feedback around one or more 
stages of the amplifier with a suitable phase shift and a loop 
gain (gain of the amplifiers stages times the losses in the 
feedback path) greater than one. At the intended operating 
frequency, the gain of each stage of the amplifier 200 may be 
high, since the inter-stage coupling networks function essen 
tially as short-circuits at their resonant frequency. However, 
feedback through the bias lines may be strongly attenuated at 
this frequency by the series resonant bias line filters, which 
also act as short circuits at this frequency. Consequentially, 
the overall loop gain may not be sufficient to Support oscilla 
tion. At frequencies removed from the operating frequency, 
feedback through the bias lines may not be attenuated as 
strongly, but the gain of the amplifier stages may be low due 
to the high impedance of the inter-stage coupling networks. 
The overall loop gain at frequencies other than the intended 
operating frequency may also be too low to Support oscilla 
tion. Thus the amplifier 200 may be constructed with the gate 
and/or drain bias for at least Some stages provided directly 
from other stages without introducing oscillation or other 
instability. 
The specific configuration of components, and the selec 

tion of appropriate values for components will be virtually 
completely dependent upon the specific parameters, design 
and implementation of Such an amplifier. 
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The amplifier 200 was developed through electromagnetic 

modeling of the desired structure. Such modeling may be 
performed through use of Software Such as that marketed 
under the name of Agilent ADS, by Agilent Technologies, 
Inc., of Santa Clara, Calif. Additionally, it has been found 
useful to model and simulate the device in the context of a 
larger circuit in which it is to be used. That simulation and 
modeling may be performed through use of Ansoft HFSS 
software, offered by Ansoft LLC, a subsidiary of ANSYS, 
Inc. Because virtually every component and its physical 
structure on the die has the potential to impact the overall 
stability of the constructed device. Such electromagnetic 
modeling allows fine-tuning of the components and the lay 
out to achieve a balanced and operative device. For example, 
the dimensions of each the gate/input pads 111, 121, 131, 141 
and drain/output pads 112, 122, 132, 142; the size and posi 
tion of each lead; the number and location of series resonant 
bias line filters and other bias line bypass components; and the 
size and locations of the inter-stage filters may be iteratively 
determined and adjusted through Such modeling. 

Closing Comments 
Throughout this description, the embodiments and 

examples shown should be considered as exemplars, rather 
than limitations on the apparatus and procedures disclosed or 
claimed. Although many of the examples presented herein 
involve specific combinations of method acts or system ele 
ments, it should be understood that those acts and those 
elements may be combined in other ways to accomplish the 
same objectives. With regard to flowcharts, additional and 
fewer steps may be taken, and the steps as shown may be 
combined or further refined to achieve the methods described 
herein. Acts, elements and features discussed only in connec 
tion with one embodiment are not intended to be excluded 
from a similar role in other embodiments. 
As used herein, “plurality” means two or more. As used 

herein, a “set of items may include one or more of such 
items. As used herein, whether in the written description or 
the claims, the terms “comprising”, “including”, “carrying. 
“having”, “containing”, “involving, and the like are to be 
understood to be open-ended, i.e., to mean including but not 
limited to. Only the transitional phrases “consisting of and 
“consisting essentially of, respectively, are closed or semi 
closed transitional phrases with respect to claims. Use of 
ordinal terms such as “first', 'second, “third”, etc., in the 
claims to modify a claim element does not by itself connote 
any priority, precedence, or order of one claim element over 
another or the temporal order in which acts of a method are 
performed, but are used merely as labels to distinguish one 
claim element having a certain name from another element 
having a same name (but for use of the ordinal term) to 
distinguish the claim elements. As used herein, “and/or 
means that the listed items are alternatives, but the alterna 
tives also include any combination of the listed items. 

It is claimed: 
1. A millimeter wave amplifier constructed on a substrate, 

comprising: 
a first amplifier stage; 
a first inter-stage coupling network, resonant at an operat 

ing frequency of the amplifier, that couples an output of 
the first amplifier stage to an input of a second amplifier 
Stage 

a second inter-stage coupling network, resonant at the 
operating frequency, that couples an output of the Sec 
ond amplifier stage to an input of a third amplifier stage; 

a third inter-stage coupling network, resonant at the oper 
ating frequency, that couples an output of the third 
amplifier stage to an input of a fourth amplifier stage; 
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a plurality of bias Supply leads that couple a gate bias 
Voltage and a drain bias Voltage to each of the amplifier 
stages; and 

a plurality of resonant bias line filters, resonant at the 
operating frequency, connected between at least Some of 5 
the bias Supply leads and a ground plane 

wherein: 
the signal path through the first amplifier stage flows in 

a first direction, 
the signal path through the second amplifier stage flows 10 

in a second direction generally opposed to the first 
direction, and 

the signal path through the third amplifier stage flows in 
the first direction. 

2. A millimeter wave amplifier, constructed on a Substrate, 
comprising: 

a first amplifier stage. 
a first inter-stage coupling network, resonant at an operat 

ing frequency of the amplifier, 
that couples an output of the first amplifier stage to an input 

of a second amplifier stage 
a second inter-stage coupling network, resonant at the 

operating frequency, that couples an output of the sec 
ond amplifier stage to an input of a third amplifier stage. 

a third inter-stage coupling network, resonant at the oper 
ating frequency, that couples an output of the third 
amplifier stage to an input of a fourth amplifier stage. 

a plurality of bias Supply leads that couple a gate bias 
Voltage and a drain bias Voltage to each of the amplifier 
stages; and 

a plurality of resonant bias line filters, resonant at the 
operating frequency, connected between at least Some of 
the bias Supply leads and a ground plane, 

wherein each amplifier stage comprises: 35 
a gate/input pad; 
a drain/output pad; and 
one or more transistors coupled between the gate/input 

pad and the drain/output pad, 
wherein: 40 

the drain bias Voltage is provided to the drain/output pad 
of an amplifier stage via a first lead connected directly 
to the drain/output pad of another amplifier stage, 

the first lead has an effective length of about one-half of 
the wavelength of the operating frequency, and 45 

a first resonant bias line filter is connected from a mid 
point of the first lead to the ground plane. 

3. The millimeter wave amplifier of claim 2, wherein: 
the first lead connects the drain/output pad of the third 

amplifier stage directly to the drain/output pad of the 5 
second amplifier stage, 

the drain bias voltage is provided to the drain/output pad of 
the second amplifier stage via a second lead connected 
directly to the drain/output pad of the first amplifier 55 
Stage, 

the second lead has an effective length of about one-half of 
the wavelength of the operating frequency, and 

a second resonant bias line filter is connected from a mid 
point of the second lead to the ground plane. 60 

4. A millimeter wave amplifier, constructed on a Substrate, 
comprising: 

a first amplifier stage. 
a first inter-stage coupling network, resonant at an operat 

ing frequency of the amplifier, that couples an output of 65 
the first amplifier stage to an input of a second amplifier 
Stage 

15 

25 

30 

O 

10 
a second inter-stage coupling network, resonant at the 

operating frequency, that couples an output of the Sec 
ond amplifier stage to an input of a third amplifier stage; 

a third inter-stage coupling network, resonant at the oper 
ating frequency, that couples an output of the third 
amplifier stage to an input of a fourth amplifier stage. 

a plurality of bias Supply leads that couple a gate bias 
Voltage and a drain bias Voltage to each of the amplifier 
stages; and 

a plurality of resonant bias line filters, resonant at the 
operating frequency, connected between at least Some of 
the bias Supply leads and a ground plane, 

wherein each amplifier stage comprises: 
a gate/input pad; 
a drain/output pad; and 
one or more transistors coupled between the gate/input 

pad and the drain/output pad, 
wherein: 

the gate bias Voltage is provided to the gate/input pad of 
an amplifier stage via a third lead connected directly 
to the gate/input pad of another amplifier stage, 

the third lead has an effective length of about one-half of 
the wavelength of the operating frequency, and 

a third resonant bias line filter is connected from a mid 
point of the first lead to the ground plane. 

5. A millimeter wave amplifier, constructed on a substrate, 
comprising: 

a first amplifier stage. 
a first inter-stage coupling network, resonant at an operat 

ing frequency of the amplifier, that couples an output of 
the first amplifier stage to an input of a second amplifier 
Stage 

a second inter-stage coupling network, resonant at the 
operating frequency, that couples an output of the Sec 
ond amplifier stage to an input of a third amplifier stage. 

a third inter-stage coupling network, resonant at the oper 
ating frequency, that couples an output of the third 
amplifier stage to an input of a fourth amplifier stage. 

a plurality of bias Supply leads that couple a gate bias 
Voltage and a drain bias Voltage to each of the amplifier 
stages; and 

a plurality of resonant bias line filters, resonant at the 
operating frequency, connected between at least Some of 
the bias Supply leads and a ground plane, 

wherein each amplifier stage comprises: 
a gate/input pad; 
a drain/output pad; and 
one or more transistors coupled between the gate/input 

pad and the drain/output 
wherein: 

the drain bias Voltage is provided to the drain/output pad 
of the third amplifier stage via a first lead connected 
directly to the drain/output pad of the second ampli 
fier stage, 

the drain bias Voltage is provided to the drain/output pad 
of the second amplifier stage via a second lead con 
nected directly to the drain/output pad of the first 
amplifier stage, 

the gate bias Voltage is provided to the gate/input pad of 
the second amplifier stage via a third lead connected 
directly to the gate/input pad of the fourth amplifier 
Stage, 

the first, second, and third leads each have an effective 
length of about one-half of the wavelength of the 
operating frequency, and 
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first, second, and third resonant bias line filters are con 
nected from midpoints of the first, second, and third 
leads, respectively, to the ground plane. 

6. The millimeter wave amplifier of claim 1, configured to 
provide a signal gain of at least 15 db, and an output power of 5 
at least 1 Watt. 

7. The millimeter wave amplifier of claim 6, configured to 
occupy an area on the Substrate of no greater than 5 Square 
millimeters. 

8. A millimeter wave amplifier constructed on a substrate, 
comprising: 

a first amplifier stage comprising at least one transistor 
operatively coupled between a first gate/input pad and a 
first drain/output pad; 

a second amplifier stage comprising at least one transistor 15 
operatively coupled between a second gate/input pad 
and a second drain/output pad; 

a first inter-stage filter, resonant at an operating frequency 
of the amplifier, that couples the first drain/output pad to 
the second gate/input pad; 

a first bias line that electrically connects the first drain/ 
output pad to the second drain/output pad; and 

a first bias line filter, resonant at the operating frequency, 
connected between the first bias line and a ground plane 

wherein: 
a length of a portion of the first bias line from the first 

drain/output pad to a point of connection with the first 
bias line filter is about one-quarter wavelength at the 
operating frequency, and 

a length of another portion of the first bias line, from the 
point of connection with the first bias line filter to the 
second drain/output pad, is about one-quarter wave 
length at the operating frequency. 

9. A millimeter wave amplifier constructed on a substrate, 
comprising: 

a first amplifier stage comprising at least one transistor 
operatively coupled between a first gate/input pad and a 
first drain/output pad; 

a second amplifier stage comprising at least one transistor 
operatively coupled between a second gate/input pad 
and a second drain/output pad; 

a first inter-stage filter, resonant at an operating frequency 
of the amplifier, that couples the first drain/output pad to 
the second gate/input pad; 
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12 
a first bias line that electrically connects the first drain/ 

output pad to the second drain/output pad; and 
a first bias line filter, resonant at the operating frequency, 

connected between the first bias line and a ground plane 
wherein the first bias line filter comprises a capacitor in 

series with an inductor formed by a via contact to the 
ground plane. 

10. The millimeter wave amplifier of claim 9, wherein the 
first bias line filter shares the via contact with the source of a 
transistorin one of the first amplifier and the second amplifier. 

11. The millimeter wave amplifier of claim 2, configured to 
provide a signal gain of at least 15 db, and an output power of 
at least 1 Watt. 

12. The millimeter wave amplifier of claim 11, configured 
to occupy an area on the Substrate of no greater than 5 Square 
millimeters. 

13. The millimeter wave amplifier of claim 4, configured to 
provide a signal gain of at least 15 db, and an output power of 
at least 1 Watt. 

14. The millimeter wave amplifier of claim 13, configured 
to occupy an area on the Substrate of no greater than 5 Square 
millimeters. 

15. The millimeter wave amplifier of claim 5, configured to 
provide a signal gain of at least 15 db, and an output power of 
at least 1 Watt. 

16. The millimeter wave amplifier of claim 15, configured 
to occupy an area on the Substrate of no greater than 5 Square 
millimeters. 

17. The millimeter wave amplifier of claim8, configured to 
provide a signal gain of at least 15 db, and an output power of 
at least 1 Watt. 

18. The millimeter wave amplifier of claim 17, configured 
to occupy an area on the Substrate of no greater than 5 Square 
millimeters. 

19. The millimeter wave amplifier of claim 9, configured to 
provide a signal gain of at least 15 db, and an output power of 
at least 1 Watt. 

20. The millimeter wave amplifier of claim 19, configured 
to occupy an area on the Substrate of no greater than 5 Square 
millimeters. 


